Haemorrhagic mucosal lesions are produced during intestinal ischaemia and after reperfusion probably mediated by oxygen radicals. Oxygen radicals react with cell membrane lipids and induce cell damage by peroxidation and induce accumulation of polymorphonuclear leucocytes in the tissue. The aim ofthe study was to elucidate the involvement of polymorphonuclear leucocytes in postischaemic intestinal damage. Intestinal ischaemia was induced in cats by partial occlusion of the superior mesenteric artery. Samples from the small intestine were excised before and at the end of the two hour hypotensive period as well as 10 minutes and 60 minutes after reperfusion. Conjugated dienes, myeloperoxidase, and the purine metabolites were determined in the samples. The tissue was also examined histologically. Seven cats were treated before reperfusion with a monoclonal antibody (IB4) which inhibits leucocyte adherence to endothelial cells and its subsequent activation. After reperfusion myeloperoxidase activity increased and the ischaemic mucosal lesions worsened significantly. IB4 treatment prevented an increase in posthypotensive myeloperoxidase activity and attenuated the normally observed severe mucosal lesions. We conclude that the severe postischaemic lesions are induced by polymorphonuclear leucocytes. Such mucosal injury may be appreciably reduced by blocking leucocyte adherence with IB4.
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Haemorrhagic mucosal injury in the small intestine is often seen in animals subjected experimentally to various shock protocols.' Similar lesions have been observed in the intestine of patients suffering from shock and hypotension.2 The mucosal damage is believed to be important for the further development of shock.34 There is evidence that the damaged intestine releases cardiodepressive substances into the circulation, thus initiating a vicious circle which ultimately leads to irreversible circulatory deterioration. Morphological studies show that after a period of hypoxia of the intestinal tissue mucosal injury is produced not only during intestinal ischaemia but also after reperfusion.56
There are now substantial experimental data indicating that the postischaemic tissue damage is caused by oxygen derived free radicals. These highly reactive oxygen metabolites may initiate the peroxidation of membrane lipids and the subsequent release of chemoattractants, leading to the accumulation of polymorphonuclear leucocytes in the tissue.7
Two possible disease mechanisms are suggested to explain the generation of oxygen radicals after ischaemia and reperfusion. The enzyme xanthine oxidase is believed to be the primary source of these reactive oxygen metabolites. This concept was supported by experimental studies showing that inhibition or inactivation of xanthine oxidase protected the intestinal mucosa from the postischaemic damage normally observed.8-0
The second potential source of oxygen radicals are activated polymorphonuclear leucocytes (neutrophils) which accumulate after reperfusion in the capillaries and venules of the tissue."
Stimulation of these neutrophils -for example, by phagocytosis -induces the release of large amounts of reactive oxygen species and other non-oxidative toxins. Romson and coworkers were the first to propose a role for neutrophils in generating oxygen radicals after ischaemia and reperfusion of the myocardium.'2 They were able to reduce the infarct size appreciably either by pretreatment with superoxide dismutase and catalase or by neutrophil depletion with antisera.
Recently, Grisham et al showed that reperfusion of the ischaemic intestine resulted in a pronounced increase in neutrophil accumulation and subsequent activation. This influx of neutrophils seems to depend on oxygen radicals generated by xanthine oxidase since pretreatment with superoxide dismutase and allopurinol prevented this response. '3 In order to determine the involvement of neutrophils in the development of microvascular injury, Hernandez et al'4 pretreated cats with antineutrophil serum or a monoclonal antibody specific for the ,B chain of the CD11/CD18 complex (MoAb 60.3) preventing neutrophil adherence and extravasation. Both neutropenia and inhibition of neutrophil adherence attenuated the increase of microvascular permeability otherwise induced by ischaemia and reperfusion. These findings suggest that activated neutrophils which accumulate in the intestine after reperfusion might mediate the microvascular damage normally observed. 14 The purpose of this study was This study was performed using a feline model oftwo hours ofintestinal ischaemia and one hour of reperfusion. The adherence of neutrophils was inhibited by a monoclonal antibody (IB4) directed against the 13 chain (CD18) of the leucocyte glycoprotein CD1 /CD18. The monoclonal antibody was administered during intestinal ischaemia and shortly before reperfusion.
Methods
Fourteen cats of both sexes weighing 1-5-3 kg were used. They were fasted for 24 hours before the experiment. After anaesthesia with ketamine-HCl (Ketanest, Parke-Davis, Munich, Germany) at a dose of 10 mg/kg body weight and xylazine (Rompun, Bayer AG, Leverkusen, Germany) at a dose 2-5 mg/kg body weight, the cats were placed in a supine position on a heating pad. After cannulation of the left femoral vein and artery the animals were tracheotomised and ventilated artificially. The duodenum, the spleen, the omentum, and the colon were extirpated to ensure that the small intestine was only perfused via the superior mesenteric artery and vein. Thereafter an adjustable clamp was placed around the artery close to the aorta. The ileocecal artery was cannulated to determine the blood pressure distal to the clamp. To minimise evaporation from the tissue, the small intestine was covered with sterile gauze pads soaked with 37°C saline. A 10% glucose solution containing 10 mmol NaHCO3/100 ml was slowly infused intravenously (6 ml Boehringer-Mannheim, Mannheim, Germany).
To ensure linearity of the reaction during this time period, myeloperoxidase standards were included in each assay (myeloperoxidase of human leucocytes, 0-004-0-5 U/ml; Green Cross Corporation, Osaka, Japan). One unit of myeloperoxidase activity was defined as the amount of enzyme reducing 1 ,umol peroxide/min.
Conjugated dienes
Before and after intestinal hypotension and 10 minutes and one hour after reperfusion tissue concentrations of conjugated dienes were determined using the method described by Buege and Aust. ' (Fig 1) . 100-~I n all three groups the number of circulating neutrophils in the blood were in the same range and did not change during the experiment (Fig 2) . The uric acid concentrations remained high. Concomitantly, adenosine triphosphate increased and adenosine monophosphate decreased towards the control concentrations without reaching them, leading to an increase of the energy charge to almost 90% of its control level.
The adenosine triphosphate, diphosphate, and monophosphate concentrations in the tissue ofcats treated with IB4 showed the same changes during intestinal hypotension as those ofgroup I. The energy charge decreased to 74% of its initial level. Concomitantly, the concentrations of hypoxanthine and uric acid increased eightfold and 18 fold, respectively. After reperfusion the adenosine triphosphate and monophosphate concentrations returned to their basal concentrations and the energy charge increased to 94% of its control value. At the same time the hypoxanthine concentrations decreased appreciably to 0'25 (032) nmol/mg protein one hour after reperfusion (Table) .
The purine metabolites in the intestinal tissue of group II showed the same changes during intestinal ischaemia and reperfusion as described for groups I and III (Table) .
The tissue concentrations of conjugated dienes in group I remained unchanged during intestinal ischaemia (Fig 3) . Ten minutes after reperfusion, however, the conjugated diene levels increased slightly, yet significantly, from 2-64 (0-35) to 3-88 (1-29) [imol/g tissue (p<0 05) and returned to their basal levels one hour after reperfusion (Fig 3) . A similar development was observed for the cats in group II (data not shown). Also in the IB4 treated cats the conjugated diene levels increased from 2-6 (1-2) during the prestenotic phase to 4-2 (1-9) imol/g tissue (p<002) shortly after reperfusion and returned thereafter towards the basal concentrations again (Fig 3) .
The tissue associated myeloperoxidase activity in groups I and III did not change during intestinal hypotension. Ten minutes after release of the clamp, however, the activity in group I increased significantly from 2-17 (1-3) to 4-6 (1-2) and reached 7-2 (2 5) U/g tissue one hour after reperfusion (Fig 4) . Myeloperoxidase activity in the cats treated with mouse IgG (group II) increased approximately sixfold after reperfusion compared with their control activity (data not shown).
In contrast, IB4 treatment prevented the increase of myeloperoxidase after reperfusion.
The activity remained in the range of the control level (basal activity 2-1(1-2) U/g tissue; one hour after reperfusion 2 6 (0 6) U/g tissue) (Fig 4) .
MORPHOLOGICAL CHANGES
The specimens taken before hypotension showed a normal small intestinal mucosa in all cats. Astonishingly little damage was observed after two hours of intestinal hypotension (Fig 5) . The villous layer seemed slightly oedematous in four out of seven cats in group I and in three out of seven cats in group III. The other animals presented a normal intestinal mucosa. Significant differences between the experimental groups were not found (Fig 5) .
Ten minutes after reperfusion the mucosal layer in six of seven cats in group I became severely oedematous and lifting of the epithelial layer from the tips of the villi was found in five cats.
One hour after release of the stenosis a further aggravation of damage was evident in group I. The villi were completely denuded from their epithelial layer; in five ofseven animals haemorrhagic ulceration in the mucosa was observed. This degree of injury corresponds to grade 4 or 5 on the scale designed by Chiu et al20 (Fig 5) . A fairly similar development of mucosal lesions was observed for group II (data not shown).
The IB4 treatment in group III did not prevent the mucosal alterations seen after intestinal hypotension and 10 minutes after reperfusion (Fig 5) . One hour after release of the adjustable clamp the mucosal lesions were moderately worse. They did not, however, show the same severe damages as seen in the untreated cats (p<OOl) (Fig 5) . The villi were oedematous and the epithelial layer had lifted from the tips of the villi. Complete loss of the villi and haemorrhagic ulcerations of the mucosal layer, however, were not seen. The median grade in this phase was 2 to 3 (Fig 5) .
Discussion
Reactive oxygen metabolites are considered to be important mediators of microvascular injury and mucosal damage associated with reperfusion after a short duration of and incomplete intestinal ischaemia.72425 The initial source of oxygen radicals is believed to be the hypoxanthinexanthine oxidase system. In fact competitive inhibition of this enzyme by treatment with allopurinol, pterin aldehyde, folic acid, and a tungsten supplemented molybdenum deficient diet attenuated the morphological and functional alterations of the intestine normally observed after intestinal ischaemia and reperfusion.9 26 27 The reactive oxygen metabolites, especially the hydroxyl radical, which is produced by the superoxide radical and hydrogen peroxide in the presence of active catalytic iron, attack most readily polyunsaturated fatty acids thus inducing lipid peroxidation.' Since moderate worsening of the histological damage in the intestinal mucosa. One hour after reperfusion the conjugated dienes had returned to the normal range whereas the histological lesions worsened, showing pronounced epithelial lifting, distintegration of the lamina propria, and haemorrhagic ulcerations. 29 Another potential source of oxygen radical generation during reperfusion of ischaemic tissues is activated neutrophils. It has been shown that during ischaemia and after reperfusion neutrophils accumulate in the capillaries and venules of the damaged tissue." These neutrophils adhere to the capillary wall ('leucocyte sticking') and in some cases even plug the entire vessel, which adds to microcirculatory derangements observed in the reperfusion phase. 30 The adherence of the neutrophils to the endothelium of the vessels is a prerequisite for accumulation of these cells and subsequent damage in microvasculature. 31 highly cytotoxic oxidant.33 Moreover, tissue associated myeloperoxidase activity is. directly proportional to the number of neutrophils seen in histological sections of the intestinal mucosa and is regarded therefore as a reliable index for neutrophil infiltration. 34 In our study the myeloperoxidase activity in the mucosa remained unchanged during ischaemia but increased three to fourfold after reperfusion. Concomitantly, the mucosal damage was significantly worse. This observation reconfirms partly the results previously reported by Grisham et al.'3 These workers showed that after reperfusion of the ischaemic gut the myeloperoxidase activity in the mucosa increased 18-fold compared with control levels. In an attempt to determine the relation between enhanced oxygen radical generation and polymorphonuclear leucocyte accumulation Grisham 
